In the lowland forests of south-western Poland, the effect of the fencing of forest regeneration stages, aged up to 20 years, upon the level of damage inflicted by red deer (Cervus elaphus), fallow deer (Dama dama), and roe deer (Capreolus capreolus) in non-fenced patches of this age class of forest was studied. In the studied forest districts (n=4), there was the highest proportion of the mixed coniferous-deciduous forest types, where the main forest-forming tree species were pine (Pinus sylvertris), birch (Betula sp.), oak (Quercus sp.), beech (Fagus sylvatica), and spruce (Picea abies). At the forest district level, the percentage of fenced areas in young forest plantations (1-10-year old) ranged, on average, from 9.1-30.9%, and that in tickets (11-20-year old) ranged from 0.0%-10.2%. The percentage of areas of severely damaged young plantations fluctuated between 5.7 and 14.2%, and that of tickets fluctuated between 0.3-12.9%. For young plantations, a statistically significant correlation ("r" ranged from 0.51-0.75) was obtained between percentage of area in fenced plots and the level of damage caused by deer. For thickets, this correlation was obtained solely in Pieńsk Forest District (r = 0.646). In the studied forest districts, the fencing of young plantations and thickets resulted in the reduction of average potential food base for cervids, from 2.9 to 10.0 %. An attempt was made to interpret the level of deer damage on the basis of an index, taking into account the standing crop of deciduous browse and forbs, and the population density of cervids.
Introduction
In 2006-2016, in Poland, there has been an increase in population numbers of wild ruminants uncontrolled by game management. This pertained chiefly to the red deer, which culling increased from 40 thousand to 89 thousand [1, 2] . The numbers of fallow deer, roe deer, and mouflons (Ovis musimon) also rose. The chief reason of this phenomenon was a nationwide inventory of game animals based on arbitrary guesses that markedly underestimated the respective population numbers [3] . The indirect cause was the 2000 amendment to the game law, which transferred the right to formulate the principles of game management to the Polish Hunting Association, significantly limiting the decisions of the State Forest Service in the area on population number estimates and planning the harvests of the deer populations.
The overcrowded populations of these animals caused significant damage in forest regeneration stages preventing correct forest management, the responsibility for which, under
Polish law, is personally borne by foresters. For this reason, with the limited influence on the numerical regulation of deer, the Polish State Forest Service dramatically increased the financial outlays on the forest protection measures, which now amount to approx. €40 million [2] . These are principally the costs of fencing young forest plantations and thickets, i.e. a cost in which the members of the Polish Hunting Association do not participate. The fencing is extended to forest regeneration stages with high proportions of deciduous species preferred by red deer, fallow deer, and roe deer.
According to comprehensive literature overview of deer damage in European forest, there are 17 principal factors determining browsing, bark stripping, and frying impact of these large ungulates [4] . However, this overview does not include the effect of fencing the forest regeneration age classes upon the level of damage caused by cervids. The fencing of the newly established forest regeneration stages where deciduous species constitute a major proportion allowed better protection of these species against browsing and bark stripping; however, at the same time, it brought about in increased pressure from foraging by deer on the non-fenced areas of forest regeneration stages. Therefore, we hypothesized that the level of damage caused by deer in non-fenced patches of forest regeneration stages rises in line with the increased percentage of area in fenced plots of forest young plantations and thickets. The above working hypothesis was tested in the areas of four forest districts situated in south-western Poland.
Materials and Methoda

Study area
The study area consisted of four forest districts situated in the lowland forests of south-western Poland (Fig. 1) Ch -Chocianów, Mi -Milicz, Pi -Pieńsk, Ru -Ruszów.
In all forest districts included in the study, more than half of their areas were occupied by the mixed coniferous and mixed deciduous forest types ( In the study area, the levels of browsing and bark stripping of young trees situated within non-fenced young forest plantations and thickets are estimated arbitrarily in early spring by the local Forest Services. In line with the Forest Management Instruction, the damage is regarded as significant when the main shoot of a sapling is browsed or debarked in more than one-third of its circumference. If the proportion of significantly damaged saplings is lower than 20%, the proportion is regarded as tolerable to the forest management, and it is not shown as such in the ISSF database. The ISSF data base indicates the level of damage in the forest sub-districts which is above 20% of significantly destroyed saplings.
Methods
The analysis of the impact of forest fencing upon the level of damage caused by cervids was based on the data in the Information System of the State Forests (SILP) database. In three subsequent years (2014) (2015) (2016) , the data pertaining to the areas of young forest plantations (aged 1 -10 years) and the area of thickets (aged 11-20 years) was collected from the forest sub-districts (n = 43) in four studied forest districts. The available data on the areas of fenced young plantations and thickets, and the areas for forest regeneration plots that were significantly damaged by deer were also obtained from SILP. Linear regression and Pearson correlation coefficient between the percentage of significantly damaged saplings by deer (dependent variable) and percentage of area fenced (independent variable) in each forest subdistrict were calculated. The calculations were carried out separately for young forest plantations and thickets.
Potential deer forage was calculated by using published materials on the maximum standing crop of browse and annual vegetation of forest undergrowth. The browse included the annual increments of shoots, shrubs, and dwarf shrubs available within the reach of feeding by cervids. The data was collected in the various forest types of lowland forest in Poland and included standing crop of deciduous browse, coniferous browse, forbs, grasses, and sedges during growing season [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17] .
The forest types were grouped into three categories: deciduous (Tilio Carpinetum, Carici elongate-Alnetum), mixed coniferous and deciduous (Pino-Quercetum), and coniferous (Leucobro-Pinetum, Cladonio-Pinetum). In each category of habitat types of forest, the deer forage present in regeneration stages, as well as the resources in older tree stands, i.e. timber stands was estimated ( Table 2 ). [18, 19, 20, 21, 17 ] is essential to cervids in order for them to maintain a positive energy balance..
Therefore, it was judged that the biomass of deciduous browse and forbs will be the best for representing the effect of fencing of forest regeneration stages upon the potential fodder resources for cervids.
For each of the studied forest districts, the standing crop of deer forage was calculated on the basis of the proportion of habitat types of forest and the age classes of tree stands in the forested area of the forest districts (Table 1) , as well as on the data on the biomass of deciduous browse and forbs occurring there ( Table 2 ).
The population numbers and densities of the cervids were assessed by means of sampling plots at the end of January and the beginning February 2017 [26, 27, 28, 29] . The levels of basal metabolism were used for the standardisation of the population densities of red deer, fallow deer, and roe deer, since these levels are good measures of energy requirements. In the calculations, the relationship between the level of basal metabolism rate (BMR) and the body mass of animals was used [30] as follows:
where W is the body mass of a given species, and BMR is the number of kcal/individual × day -1 .
According to [31] , the mean carcass weight of a culled red deer was 76.7 kg, fallow deer , fallow deer and roe deer -1197 kcal, and 657 kcal, respectively. In view of the above, the 24 hour energy requirement of one red deer equals the energy requirement of 1.94 fallow deer, and of 3.54 of roe deer. The above conversion rates were used to find the total number of deer metabolic units (DMU) on the basis of the population densities of red deer, fallow deer, and roe deer in each forest district.
The interpretation of the level of deer damage for each forest district examined was based upon an index describing the quantity of the available of deciduous browse and forbs (BDH) in relation to population density of cervids expressed by deer metabolic units (DMU).
Results
The percentage area of fenced patches in the regeneration stages of forest was very diversified. In young plantations, the low proportion (9.1%) of fenced plots was noted in the Chocianów Forest District. In the remaining forest districts, the value of this variable was markedly higher, and it ranged from 18.6% within the fragmented forest in the Piensk Forest District to 30.9% in the Milicz Forest District. The mean value of this variable amounted to 22.2%. The proportion of fenced areas in thickets was much lower than that in forest plantations.
In the Chocianów Forest Districts, the thickets were not fenced at all. In the remaining forest districts, the proportions of fenced areas in thickets ranged from 0.5% in the Milicz Forest District to 10.2% in the Piensk Forest District. Table 3 shows the percentage share of fenced areas located in the four forest districts calculated jointly for young plantations and thickets.
The percentage shares of damaged areas were also very diversified. In young plantations, the mean value amounted to 8.4%, and it ranged from 5.7% to 14.2% in Pieńsk FD and Ruszów FD, respectively. In thickets, the average percentage of area damaged by deer was calculated as 8.1%. It varied from 0.3% (Pieńsk FD) to 12.9% (Chocianów FD). The percentage share of the damaged areas calculated jointly for young plantations and thickets is presented in Table 3 . Table 3 . Characteristics of young plantations and thickets in the forest of southwestern Poland.
The data of total area, fenced area and damaged area are presented in hectares and accumulated for three years (2014-2016). Percent of fenced area and percent of damaged area by deer is also given. Within all studied forest districts, the increased proportion of the fenced areas in young plantations resulted in the increase in the area of plots damaged by wild ungulates in non-fenced plots of the same age class (Table 4 , Fig. 2 ). The obtained Pearson correlation coefficients were high, statistically significant, and ranged from 0.508 to 0.749. The fencing measure explained from 25.8% to 56.1% of the damage caused by wild ungulates in forest plantations. The fencing in thickets significantly affected the levels of damage in the fragmented forest in the Piensk Forest District. In the remaining forest districts, no significant effect of fencing upon the level of damage caused by wild ungulates in thickets has been found. (Table 4 ).
Discussion
The level of damage caused by cervids is often analysed on the basis of the population density, as well as the quantity and quality of potential deer forage. The results of these analyses are not unambiguous. For example, it is reported that the increase in the biomass of deer food resources can either increase [32, 33, 34] or decrease [35, 36, 37] the level of deer damage in forest regeneration stages. The prevalent number of publications provides the examples of the adverse impact of the cervid population density on the extent of deer damage in forest regeneration stages [38, 39, 40, 41, 42] ; however, only a few studies do not show such effect [43, 44] . The above controversies may stem from the imprecise measurements of the biomass of deer forage, the inaccurate estimate of population numbers, as well as by the lack of standardisation in population densities of various species of Cervidae jointly inhabiting the study areas.
The studies on the food habits in Cervidae showed that the composition of their natural diet is principally formed of browse, i.e. the annual increments of shoots and twigs in trees shrubs and dwarf shrubs accessible during feeding by these animals, as well as the vegetation of forest undergrowth [45, 46, 47] . The additional elements of the diet could include bark [40] , and -in mast years -acorns and beech nuts [48] . However, the energy budget in these animals is primarily based on feeding on browse and the plants of forest undergrowth. Therefore, in the studies of the level of deer damage, it is necessary to have well-documented results pertaining to the quantity and species composition of these two components of deer forage in the whole forest habitat.
Many publications (see below) report that, in lowland forests of Poland, the highest biomass of browse and ground flora in summer occurs in mixed coniferous and mixed deciduous forests, slightly lower in deciduous forests, and the lowest in coniferous forests (Table 2 ). In summer, the deciduous forest regeneration stages, i.e. young plantations and thickets offer almost six times (5.8 times) more forage to cervids than timber stands. Slightly greater differences (6.9 times) were noted in mixed coniferous-deciduous forest. In coniferous forest, however, the differences in the biomass of deer forage between regeneration stages and timber stands were the lowest, i.e. 2.8 times. The species composition of deer forage differed markedly between the studied habitat types of forest. The proportion of deciduous browse and forbs (annual dicotyledone plants) was highest in deciduous forest, where it amounted to an average of 72.8%.
In mixed coniferous forest, mixed deciduous forest, and in coniferous forest, the value amounted to 28.4% and 14.6%, respectively (Table 2 ) [5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17] .
The results of analyses pertaining to the effects of the fencing of regeneration stages upon the decreases in the deer forage composed of deciduous browse and forbs are compiled in Table   5 . Although the proportion of the area of young forest plantations and thickets in the forested area of the studied forest districts ranged from 9.8% to 23.4% (Table 1) , in the case of the lack of fencing of this age class in the studied forest districts, the regeneration stages would provide, on average 52.3%, of the total biomass of deer forage made of deciduous browse and forbs in summer (Table 5) . Within the study area, the differentiated proportion of fenced young plantation and thickets (5.0-17.2%) reduced the standing crop deer forage in the range from 2.9% to 10.0% in summer. These results enabled the calculation that the limiting 1% of the surface area of regeneration stages reduced the availability of the biomass of deer forage in the whole forest environment by an average of 0.51%. (Table 6 ). Table 6 . Population densities of cervids (N/1000 hectares of forest) within the studied forest districts in south-western Poland estimated at the beginning of January and February 2017 [26, 27, 28, 29] . Also given is the density of deer metabolic units (DMU/1000 hectares of forest). The previous review of publications dealing with the issues of deer damage in the forest environment did not yield an unambiguous conclusion of the separate effects of the quantity of deer forage and population density of cervids upon the level of damage in forest regeneration areas. Therefore, it was deemed that, without an index taking into account the relation between the biomass of the available biomass of deer forage (BDH) and the density of population (DMU), it would be impossible to explicitly interpret the results obtained in the presented study. For each of forest districts examined, the derived index (BDH/DMU) gives the quantity of the available of deciduous browse and forbs per one deer metabolic unit.
The value of this index explains well the diversity in the level of deer damage in the study area. The lowest value of the index (239) is characteristic for Ruszów FD, where the percentage of area in regeneration stages damaged by deer is highest (10.8%, see Table 2 ). Higher values of the index in Chocianów FD and in Milicz FD resulted in a lower percentage of areas damaged by cervids in regeneration stages (Fig 3) . In Pieńsk FD, where the level of the area of damaged young forest plantation and thickets amounts to a mere 2%, the index is high and reaches the value of 674. Figure 3 . The relationship between the levels of deer damage in forest regeneration stages caused by cervids and the summer biomass of deciduous browse and herbs (BDH) available to these animals calculated per one deer metabolic unit (DMU). The graph was drawn on the recalculated BDH data from Table 5 expressed in kg dry wt / 1000 ha of forest and deer metabolic units (Table 6 ). The data represent four forest districts (Chocianów, Milicz, Pieńsk, and Ruszów) situated in south-western Poland.
Conclusions
The relationship between the value of the BDH/DMU index and the level of deer damage was determined only in four forest districts. For this reason, and because of a low number of samples, the correlation coefficients obtained (although high at r = -0.948) should be treated as tendencies to mark the directions of research aimed at learning about the mechanisms by which the deer damage develop in the forest regeneration stages. In case where this relationship will be positively verified by a higher number of samples, knowing the value of the BDH/DMU index will be enough to forecast and limit the level of deer damage in forest regeneration stages as well as to decrease the area of fenced plots in this age class of the forest stand. To sum up, in the presented paper, it has been shown that the fencing of forest regeneration stages can remarkably limit the potential base of deer forage. The level of deer damage depends on both the quantity of available deer forage on unfenced forest regeneration stages and in the remaining age classes of forest stands, as well as on the population density of cervids expressed in the form of deer metabolic units. The lowered level of fencing in forest regeneration stages will limit the damage in this age class and bring about significant financial benefits; however, such a programme must be preceded by a remarkable reduction of the population of cervids.
